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Introduction

Tibial stress fractures (TSFs) are a substantial problem for military recruits, elite
athletes, and adults transitioning from a sedentary lifestyle to an exercise regimen.
Bone strength is key to the resistance of TSF, but it is evident that a better method of
evaluating bone quality is needed, as the gold standard method (bone mineral
densitometry) is known not to predict TSF risk. Furthermore, there is growing evidence
that the influence of muscles on bone may be an important determinant of bone
properties. This school of thought is embodied in Frost's Utah paradigm of skeletal
physiology [1] where the load-bearing skeleton adapts to the voluntary mechanical
loads induced by muscles. Ultrasound critical-angle reflectometry (UCR) is a novel
modality developed in laboratory of Dr. Peter Antich that allows the complete anisotropic
elastic properties of bone to be measured in vivo [2]. In this study, tibial stress will be
modulated in subjects by varying running styles and inclination. Changes in bone
elasticity will then be analyzed in relation to the muscle recruitment patterns as
determined using magnetic resonance imaging (MRI).

Body

In September 2003, the Principle Investigator status for this study was transferred to Dr.
Peter Antich. This was in response to the departure of the original PI for a position in
private practice. At that time, it was learned that the Study Protocol and Consent Form
had outstanding issues with the Human Subjects Safety Review Board (HSSRB) and
had not been approved. In summary, although the UT Southwestern Medical Center
Institutional Review Board (IRB) had rated this study Minimal Risk, it was determined by
the members of the HSSRB that this study was Greater than Minimal Risk. For the time
period December 2003 to May 2004, the Study Protocol and Consent Form were
scrutinized by all parties, and significant revisions were submitted on several occasions.
These changes culminated with a conference call between all co-investigators and the
HSSRB on 12 May 2004.

In essence, the HSSRB concerns dealt with two issues: (1) what efforts were being
taken by the co-investigators to minimize the Greater than Minimal Risk assigned to the
transition from a sedentary lifestyle to moderate-to-high intensity exercise regimen, and
(2) in particular, do the running style and inclination parameters in the study group arms
present any additional risk of injury to the subjects.

To address issue (1), several key experts have joined this study as co-investigators.
Peter Snell, Ph.D., a widely-respected exercise physiologist and elite track athlete, was
enlisted to review and supervise all aspects of the treadmill training. Mark Perry, M.D.,
an orthopaedic surgeon specializing in the foot and ankle, has joined the study to
provide medical oversight and to assess subjects for identified risks. In addition, as
requested by the HSSRB, an independent Medical Monitor (Scott Pennington, M.D.)
has been identified for reporting Adverse Events or Effects.

In regards to issue (2), an extensive literature search was performed along with
consultation of external biomechanics experts to examine the relative risk of forefoot
versus heel-strike running. In summary, there is no evidence in the literature that either
study arm is at more risk than the other for acute injuries, although it was agreed that
forefoot runners will be periodically evaluated for injuries to the Achilles tendon.



After all changes were submitted in written form, the Protocol and Consent Form were
provisionally accepted by the HSSRB in July 2004, provided that local IRB approval for
changes was obtained. Documentation for all changes was prepared in August 2004
and submitted to the UT Southwestern IRB in September 2004 at the time of annual
review. Acceptance of all changes was received on 28 October 2004 and
communicated to the HSSRB. Final HSSRB approval was dated 1 November 2004.
Recruitment of subjects commenced in December 2004 and is on-going.

Key Research Accomplishments

Subject recruitment, training, and data collection is on-going. As per the original
protocol, 40 subjects will be enrolled in total, with 5 groups of 8 subjects grouped for
training efficiency. The first group will commence their study calendar on 1 February
2005, and the last group will finish their study calendar on 1 September 2005

Reportable Outcomes

No directly reportable outcomes are available at this time.
Although not directly supported by this grant, one paper based on data collected with
the third generation clinical UCR device used in this study has been accepted for
publication [3].

Conclusions

No conclusions can be drawn at this time. Data analysis will be complete in the next
study year.
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